Environmental impact assessments (EIAs) form the basis of estimation of environmental and socio-economic impacts of developmental projects. In this study we examine 65 EIA reports of mines in Goa. It is mandatory that the reports should provide, among others, lists of plant species from 314.2 and 78.5 sq. km area for lease areas of mines above 0.5 and below 0.5 sq. km respectively. On the basis of available data covering different spatial scales for the Western Ghats, we determined the species-area relationships, and expected number of species in area of these sizes. We find the plant lists in the EIA reports to be highly incomplete and defective in many ways, including with respect to information on water resources, and ore transport by trucks and barges. We conclude by recommending a set of measures focusing on transparency and public involvement to correct the situation.
ENVIRONMENTAL impact assessment (EIA) is a key element in the toolkit developed by the Government of India (GoI) following the establishment of Ministry of Environment and Forests in the 1980s. In conjunction with public hearings, the EIAs are meant to deliver either of the following two tasks: (a) bring to notice avoidable negative environmental impacts so that a project may be reformulated, or (b) reject the project in case the negative environmental impacts, including socio-economic impacts are of such large magnitude that they outweigh the positive benefits of the proposed activity. The EIA notification of 1994 explicitly states that concealing factual data or submission of false or misleading data/reports, decisions or recommendations in a report would lead to the project being rejected. The entire process is being guided by sector-specific terms of reference and specific guidance manual prepared by the Administrative Staff College of India (ASCI), Hyderabad in 2010 (ref. 1) .
Regretfully, there is abundant evidence that the whole EIA process today is sabotaged and incomplete, and often fraudulent and plagiarized information forms part of the EIA reports. Even reputed organizations like the National Environmental Engineering Research Institute (NEERI), CSIR laboratories, The Energy Research Institute (TERI), Ernst & Young, Engineers India Limited (EIL), etc. have been involved in presenting fabricated data. For example, the EIA report for the Dandeli 18 MW mini-hydel project in Karnataka prepared by Ernst & Young was found to be based not only on fraudulent data, but also heavily plagiarized from another EIA report prepared for the Tattahalli Augmentation Scheme. Scanned pages of both these reports enumerating how pages after pages of one report were used for the second are available on the Environmental Support Group (ESG) website 2 . Interestingly, when this case was extensively highlighted by the media, TERI was engaged by the Government of Karnataka to prepare a fresh EIA, which again turned out to be based (in part) on fraudulent data 3 . In another example, the EIA submitted for Umbarshet bauxite mining in Ratnagiri, Maharashtra, in 2006 was found to be heavily plagiarized from a EIA report of a Russian aluminium company to mine bauxite in the Komi Republic of Russia, submitted to the European Bank in 2004. While located on an entirely different phytochorian, the Umbarshet bauxite mining EIA report reproduced, among others, even environmental data from the Russian report which included data on water quality, rainfall, animal densities and number of species 4 . Other fraudulent practices involving falsification of data in EIAs submitted in India and the secrecy around EIA reports have been widely documented [5] [6] [7] [8] [9] [10] [11] [12] . While serious deficiencies have been brought out in the case of many specific EIAs in this fashion, there is no comprehensive study available on the quality of a broader set of EIA reports. The present article represents such an attempt of looking at a set of EIA reports of 65 mines in Goa, India 13 .
Materials and methods

Study area
Goa, India's smallest state, is flanked to the east by the forested, biodiversity-rich Western Ghats and is adorned by nine rivers coursing through the hilly midlands and coastal plains with mangrove-fringed estuaries, and brackish-and sweet-water paddy fields. The hilly midlands are rich in iron and manganese ores that have been tapped over last sixty years with a large number of smallscale leases. The Western Ghats, considered one of the world's 34 hot spots of biodiversity, is second only to the Eastern Himalaya as a treasure trove of biological diversity in India 14 . Nearly 4000 species of flowering plants amounting to 27% of the country's total species are known from the Western Ghats. Of the 645 species of evergreen trees (>10 cm dbh), about 56% are endemic to the Western Ghats. The great topographic heterogeneity and a strong rainfall gradient combine to support a tremendous diversity of life-forms and vegetation types in the Western Ghats, including tropical wet evergreen forest, montane stunted evergreen forest (shola) and grassland, lateritic plateaus, moist deciduous and dry deciduous forest, dry thorn forests, and grassland. Many of these are critical habitats for plants and animals: for instance, the heavily mined lateritic plateaus of Goa harbour unique floral elements as well as provide seasonal foraging grounds for large mammals such as the gaur. In recognition of this biodiversity wealth, the Western Ghats of Goa is largely protected by National Parks and Wildlife Sanctuaries.
Goa 
Mining activities
Over the years, a total of 79 mines located mainly in Bicholim, Sattari, Sanguem, Dharbandora and Quepem talukas covering approximately 700 sq. km have been in operation in Goa. This mining activity has been the focus of public concern in recent years, as reflected in Justice Shah Commission's report on illegal mining in Goa 28 . The report states that 'Part IV. Section 24 of the Mines and Minerals (DR) Act, 1957 was not observed at all and that no inspection was carried out of iron ore mines… which has caused loss to the ecology, environment, agriculture, ground water, natural streams, ponds, rivers, biodiversity, etc.' As a part of the public scrutiny that this called for, the Government of Goa assigned responsibility to the Centre for Environment Education (CEE), Goa for (a) assessing the quality of the EIA submitted, and (b) compliance with environment clearance (EC) conditions and adequacy of the environmental management plans (EMP) with respect to mines in operation in Goa. The study, ably supported by the Department of Science, Technology and Environment, Government of Goa, enjoyed full cooperation of the mine management as well as people of the state.
Methods
The present study was conducted in a transparent and participatory manner and involved the following components: (1) Desk study of 79 EIA reports made available by Government of Goa. While EIAs and ECs were available for all 79 mines, EMPs were not available for 14 of these mines. We have therefore presented here results from 65 mines for which EIA, EC and EMP data were available. These mines include mine leases with areas ranging over 0.24 to 8.26 sq. km. We mapped these mines to assess their vicinity to rivers and other water resources, and to 'protected areas' (Figure 1 ). The official guidelines classify the study area for assessing the impact of mining projects into two zones. The actual mine lease area is the 'core zone'; for mines with core zone of more than 0.5 sq. km, the area within a radius of 10 km from the boundary limits of the lease is treated as the 'buffer zone'; and for mines with a core zone of less than 0.5 sq. km, the area within a radius of 5 km from the boundary limits of the lease constitutes the 'buffer zone'. It is important to stress, however, that more pervasive impacts such as those involved in transport of the ores beyond the buffer zone must also be considered in the overall EIA. However, at a minimum, it is mandatory to survey the core plus buffer zones of 314.2 sq. km (for lease areas above 0.5 sq. km) and 78.5 sq. km (for lease areas below 0.5 sq. km) for biodiversity, and to provide both floral and faunal checklists. The majority of EIAs of mines give a checklist of flowering plants, whereas lower groups of plants are seldom reported.
We decided to assess in greater depth the quality of the checklists of flowering plants for the 65 mines. These pertain to areas of 314.2 or 78.5 sq. km depending on the mine lease area. Areas of such substantial sizes would be mosaics of habitats and would require systematic study of representative samples of each landscape/waterscape element type, estimating species richness levels of each landscape/waterscape element type, species turnover levels between different landscape/waterscape element types, and organized sampling effort to take seasonal turnover into account, local community members would certainly be aware of any such systematic studies. However, the citizen respondents consulted during the course of this study were unanimous in stating that they were not aware of any such an exercise being undertaken, and that data given in EIAs relating to social, economic aspects, biodiversity, agriculture and demography were often incorrect 13 . The quality and completeness of reported lists of flowering plants may be assessed by comparing them with the expected number of species and their composition in terms of preferred habitats/growth forms. The numbers to be expected can be predicted on the basis of available data covering different spatial scales, since the relationship between species richness and the area under study is well described by S = CA z , where S represents the number of species and A is the size of the study area. The resulting log-log curve is linear with slope z, which may take values from 0 to 1, but is often ~0.26 (refs 29-32) .
We compiled a comprehensive checklist of flowering plants from reports of all 65 mines and from the published literature as well as personal communications with a focus on Goa and adjoining areas from the northern and central Western Ghats 16, 17, 19, 20, 26, 27, [33] [34] [35] [36] [37] (Table 1) . To these checklists was added information on (a) habit groups like herbs, shrubs, trees and climbers; (b)
Results and discussion
Manifold deficiencies
EIA exercises, mandated under the Environment (Protection) Act 1986, are aimed at protecting the environment, defined as including water, air and land and interrelationships which exist among and between water, air and land and human beings, other living creatures, plants, microorganisms and property. Thus, the scope of the EIA exercise is broad, and the guidelines specifically mention that 'Vehicular traffic density outside the mine lease area, existing and after beginning of the mining activities should be given. The mode of transport of mineral and waste including loading, unloading in mining area should also be discussed. Vehicular load must be calculated. Further, the mineral transportation outside the mining lease area (road, rail, conveyor, rope way, water way, pipeline, etc.) may be specified'
1 . Mining has substantial impacts that pervade through entire Goa, impacting the Western Ghats, the midland plateaus and coastal regions, land and water, forests, agriculture and human settlements. These need to be viewed in a comprehensive and integrated manner, if the environmental impact of mining is to be adequately assessed and addressed through appropriate management measures. Such a holistic view has been lacking, and all the mines-related EIAs completely neglect the following important issues:
(1) Loss of agricultural productivity due to (a) deposition of dust on the leaves, (b) depletion of groundwater and water supply, (c) destruction of springs and other water sources, (d) siltation of agricultural land and orchards, (e) breaking of estuarine khazan land bunds due to ore barge traffic movement in rivers, (f) oil pollution of water and soil, and (g) excess iron and manganese content in water and soil. 
Documentation of angiosperm species
Species richness: Species-area relationship effectively predicts the number of species in areas of various sizes 30, 31 . The checklists of angiosperms from the EIAs of the 65 mines are expected to represent the number of species occurring in buffer zone areas of either 314.2 or 78.5 sq. km depending on the mine lease area. The expected number of angiosperm species in areas of sizes of these buffer zones can be predicted on the basis of regression of the number of species against areas of localities of various sizes using the following equation, log(S) = log(C) + z*log (A), where S is the species number, C the intercept, z the slope and A is the area. As noted earlier in the text, we do have such information for areas ranging in size from 160,000 sq. km for the Western Ghats to 104 sq. km for Sanjay Gandhi National Park. The resultant regression equation has an intercept C = 263.25 and the slope z = 0.22. Thus, the expected number of species occurring in 314.2 sq. km area is 932, while that for an area of 78.5 sq. km is 687 (Figure 2 ). However, it may be noted that due to limitations of dataset, it was difficult to assign meaningful confidence intervals. These numbers may be compared with the number of species reported from the mines to understand how incomplete these lists are. The maximum number reported is 187 species for Suctoli-(Sailetembo), while Sigao Iron Ore Mine reported only 3 species, and majority of the mines reported less than 50 species. Apparently, all these are extremely incomplete and underestimated lists (Figure 3) .
Composition
Given that the lists are very incomplete, one may enquire as to whether there was specific bias in these reports towards underreporting species diversity. Four of the available floristic lists, i.e. for Bhagwan Mahavir National Park, Goa, Uttara Kannada and Sindhudurg districts furnish adequate data to estimate the number of total species, endemic species, threatened species, trees, lianas, herbs, shrubs, climbers, phenerophytes, cryptophytes and therophytes. The numbers may be predicted using the equation log(S i ) = log(C) + z*log (A), where S i is the number of species of ith category such as endemic, threatened, shrubs, therophytes, etc. C the intercept, z the slope and A is the area. These predicted numbers were compared with the actual numbers for those categories reported from various mines, underlining serious underrepresentation overall, and especially for endemic and threatened species, and herbs, cryptophytes and therophytes (Table 2) . We also compared the relative proportions of the various categories in the composite mine checklist with those for Bhagwan Mahavir National Park, which has an area of the same size as buffer zones of the mines. Table 3 reports this statistics as ((number of species in the ith category/total number of species in the composite mine checklist)/(number of species in the ith category/total number of species in Bhagwan Mahavir National Park)). Trees and lianas (phenerophytes) and non-native species form a greater proportion, while endemic and threatened species constitute a smaller proportion reported compared to flora in the Bhagwan Mahavir National Park. The herbs (therophytes) too are underrepresented, suggesting inadequate survey in monsoon or post-monsoon season.
Discrepancies
Many discrepancies, often glaring, are noticeable in the angiosperm checklists provided in the reports. Many lists are simply repeated from other EIA reports. Just to cite a few representative examples, three reports, viz. those for Saniem-Sacorda Iron Ore Mine, Cuddegal-Voril-Soddo and Copila-Gaichens carry identical lists of 138 species. Three other reports, viz. those for Shigao Iron Ore Mine, Huldol Dongor-Bimbol Iron Ore Mine, Marga-FondculOu-Chicolmolo Mine also carry identical lists of 39 species. Some species, e.g. Eriolaena candollei, Euphorbia indica, Euphorbia orbiculata, Fagonia cretica, and Grewia tenax, never reported earlier in any of the floras of Goa region [16] [17] [18] [19] [20] , are included in mine checklists suggest- 
Way ahead
There are serious deficiencies in the EIA reports, and it is imperative that we take appropriate steps to remedy them. Specifically, the process of generating these reports must become transparent and involve full participation of local communities. As the whole process is aimed at fulfiling the social objectives of promoting environmentally and socially sustainable development, it should examine any development intervention in the broader context of other such on-going interventions and processes, as also the broader environmental and socio-economic context. It should stimulate proper scrutiny of various possible alternatives for meeting a particular development objective, such as mining of iron ore or construction of a highway or generation of thermal power, in order to lead to the selection of the most desirable alternative, namely one that maximizes the net gain from the development intervention, i.e. maximizes the balance of economic, environmental, social benefits minus the economic, environmental, social costs. If the balance is considered substantial enough to justify the intervention, the most desirable alternative should be selected, and the project accepted while specifying due safeguards. Otherwise, the project should be rejected. An on-going monitoring of the consequences of the project, including environmental and socio-economic impacts should be put into place to ensure that the stipulated safeguards are being adequately implemented. Moreover, in real life many unforeseen impacts may materialize and the monitoring process should be so designed as to bring them out. In order to ensure that this is properly taken into account, the environmental clearances should not be granted once for all, but should be reviewed periodically, for instance, every five years.
The proponents of the project should not be permitted to make substantial changes to it without due EIA of the changes proposed. We suggest therefore that the Ministry of Environment, Forest and Climate Change, GoI take the following steps:
(1) Encourage local bodies, i.e. Gram, Taluk and Zilla Panchayats and Municipal Councils and City Corporation to prepare ward-level status of environment reports, and assign to them a key role in the EIA process, including monitoring the implementation of the environmental management plans. Indian environment by making public all pertinent information with government departments, and the environment status reports, people's biodiversity registers, community forest management working schemes, and environmental education projects undertaken by students.
